P Pu ur rp po os se e: : To determine the frequency and degree of lateral displacement of the esophagus relative to the cricoid cartilage ("cricoid") using computed tomography (CT) images of normal necks.
M Me et th ho od ds s: : Fifty-one cervical CT scans of clinically normal patients were reviewed retrospectively. Esophageal diameter, distance between the midline of the cricoid and the midline of the esophagus, and distance between the lateral border of the cricoid and the lateral border of the esophagus were measured.
R Re es su ul lt ts s: : Lateral esophageal displacement was observed in 49% (25/51) of CT images. When present, the mean length of displaced esophagus relative to the midline of the cricoid was 3.3 mm ± SD 1.3 mm. Of those with lateral displacement, 64% had esophageal displacement beyond the lateral border of the cricoid (mean 3.2 mm ± SD 1.2 mm). There is a relatively normal distribution of the grouped measures of percentage of esophageal diameter that is displaced. Of those with displacement, 48% had over 15% of the total width of the esophagus displaced laterally and 20% had over 20% of the esophageal width displaced laterally.
C Co on nc cl lu us si io on n: : There is a 49% frequency of some degree of lateral displacement of the esophagus relative to the cricoid. HE concept of cricoid pressure (CP) was introduced by Sellick in 1961. 1 Since then it has become a standard of practice by most anesthesiologists as a technique employed to prevent passive regurgitation and aspiration of gastric contents during the induction of anesthesia in patients at high risk for regurgitation. 2, 3 However, there continues to be controversy regarding the safety and efficacy of CP. 4, 5 In fact, a previous study reported that 10% of the 139 anesthesiologists surveyed had witnessed regurgitation despite the application of CP. 6 There are several possible explanations for the failure of CP to prevent regurgitation of gastric contents. These include incorrect application of cricoid pressure, 7, 8 application of insufficient pressure, 6, 8 anatomical changes with CP 9 or perhaps anatomical differences between individuals. There have been no radiological or anatomical studies assessing anatomical . Exclusion criteria included age less than one; spaceoccupying pathology anterior to the vertebral body at the level of the cricoid or within one intervertebral disk space; or a previous history of cervical radiation, laryngectomy, esophagectomy, or thyroidectomy.
Objectif
The level of the cricoid was determined as those images immediately inferior to the thyroid cartilage and superior to the thyroid gland. If the esophagus was not distinguishable from the inferior pharyngeal constrictor muscle at the level of the cricoid, it was identified on an image above and below and its position extrapolated. We measured the distance from the midline of the cricoid to the midline of the esophagus, the distance from the lateral border of the cricoid to the lateral border of the esophagus, and the diameter of the esophagus. All measurements were in millimetres. The relative displacement of the esophagus to the cricoid was recorded as none, leftward, or rightward. R Re es su ul lt ts s Ninety-two CT scans were completed between November 1, 2000 and February 14, 2001 . Sixteen were unavailable for viewing and 25 met the exclusion criteria; therefore, 51 scans were available for review.
The Table summarizes the baseline characteristics of the patients studied. There were no statistically significant differences in age, gender, or esophageal diameter between populations with and without lateral esophageal displacement, based on chi-squared tests.
Lateral esophageal displacement was seen in 49% (25/51) of the CT images. Of those displaced, 92% were displaced leftward and 8% were displaced rightward. When present, the length of displaced esopha- gus relative to the midline of the cricoid was 3.3 mm ± SD 1.3 mm (range 1.4 mm to 5.7 mm). In the population with lateral esophageal displacement, 64% had esophageal displacement beyond the lateral border of the cricoid (mean 3.2 mm ± SD 1.2 mm; range 1.4 mm to 5.7 mm). The percentage of displaced esophagus relative to the total esophageal diameter displays a normal distribution (Figure 1 ). Of those with displacement, 48% had over 15% of the total width of the esophagus displaced laterally and 20% had over 20% of the esophageal width displaced laterally. Figure 2 is a CT scan of a neck demonstrating 1.5 mm of lateral esophageal displacement. From the set of CT scans that were excluded, Figures 3 and 4 demonstrate necks with nearly complete esophageal displacement due to an unsuspected vertebral body osteophyte and compression from a thyroid tumour, respectively. Figure 5 demonstrates a neck with over 50% the diameter of the esophagus displaced laterally due to a large right-sided lymphoma. D Di is sc cu us ss si io on n The effectiveness of CP relies on direct compression of the esophageal lumen, thereby preventing the passage of regurgitant gastric contents into the oropharynx. Therefore, knowledge of the anatomical relationship between the cricoid and the esophagus is crucial to understand reported successes and failures. Based on anatomy and common sense, an assumption has been made since Sellick introduced the technique of cricoid pressure in 1961: the esophagus lies directly posterior to the cricoid. While this relationship has been assumed to be true in the majority of the population, we have identified some degree of lateral esophageal displacement in 25 of 51 subjects. Based on our sample size, the lower and upper 95% confidence limits are 35.3% and 62.7% respectively for our estimated frequency of 49%.
Since the esophageal lumen cannot reliably be visualized on CT scans of the neck, we are unable to determine the proportion of unopposed esophageal lumen. Furthermore, due to the limitations of CT images in defining soft-tissue structures, we are unable to differentiate the esophagus from the inferior pharyngeal constrictor muscle surrounding the opening of the esophagus on several images. However, based on anatomical knowledge, the constrictor muscle is positioned symmetrically around the midline. Lateral displacement of the constrictor muscle together with the esophagus would likely be as significant as displacement of the esophagus alone. Therefore, the position of the esophagus was assumed to be in the midline of the constrictor muscle on those images.
The clinical significance of 1.4 to 5.7 mm of lateral esophageal displacement or the proportion of the diameter of the esophagus required to be occluded to prevent regurgitation is uncertain. However, a 49% frequency of lateral displacement offers important information for further debate on the use of CP.
Although excluded from our study based on the presence of pathology, we identified several individuals with pathology causing such significant esophageal displacement that it would appear that CP would be ineffective (Figures 3 to 5) . It is possible that individuals with large thyroid tumours or lymphomatous masses in the neck may have a high prevalence of significant lateral esophageal displacement. The application of CP in these individuals might not only be ineffective but may also increase the distortion of airway anatomy, thereby creating sub-optimal or perhaps difficult intubating conditions. Also of interest was the finding of large anterior vertebral osteophytes in some individuals that resulted in lateral esophageal displacement. As demonstrated in Figure 3 , CP may be completely ineffective in this individual since the entire esophagus lies lateral to the vertebral body. Although the technology and resources to identify individuals with this type of pathology prior to the induction of anesthesia are not currently practical or likely available, diagnostic imaging could prevent the unnecessary use of CP and the possibility of complications associated with its application. However, routine imaging cannot be advocated when one considers the relatively low frequency of significant pulmonary aspiration during general anesthesia. Large case series suggest frequencies of aspiration ranging from 1 in 3886 during elective surgery to 1 in 895 during emergency surgery. 10 The technique of CP has been considered a necessary component of rapid sequence induction performed in patients at high risk for passive gastric regurgitation and aspiration with the induction of general anesthesia for at least 40 years. However, previous reports of its failure to prevent regurgitation have never been explained adequately. Its use has also been associated with serious complications including distorted laryngeal view, increased difficulty with intubation, laryngeal trauma, cricoid fracture, and esophageal rupture. [11] [12] [13] [14] [15] To date, there has never been a randomized, controlled study assessing the effectiveness of CP. Schreiner has pointed out the difficulty of conducting such a study given the low event rates for regurgitation and pulmonary aspiration. 16 Large, welldesigned case-control studies would be the most feasible manner to assess both the efficacy and potential harm of CP.
Our study illustrates the anatomical variation seen in patients in the absence of CP. We are unable to draw conclusions regarding the efficacy of CP from our observations. We are currently undertaking another imaging study to explore the anatomical relationship between the cricoid and the esophagus during application of CP. In summary, nearly half of all patients in our study had some degree of lateral displacement of the esophagus relative to the cricoid. In addition to the mechanisms listed previously, anatomical variation may potentially explain some reported failures of CP to prevent regurgitation during the induction of anesthesia. We suggest that the efficacy of CP and the reasons for observed failures merit further investigation.
R Re ef fe er re en nc ce es s
